This study measures the effect of minimum wage increases on firm outcomes using fixedeffects regression and panel data from Vietnam Enterprise Censuses during 2008-2010. It is found that minimum wages reduce firms' labor size, albeit at a small magnitude. A one percent increase in real minimum wages leads to a 0.1 percent reduction in the number of workers of firms. Firms are more likely to reduce male workers and those without social insurance. As a result, the proportion of female workers and workers with social insurance in firms increases due to minimum wages. Interestingly, under pressure of minimum wages, firms tend to increase assets, especially fixed assets, for labor substitution. JEL Classification: J31; L25; P42
Introduction
Economists as well as policy makers have been long interested in the effect of minimum wages. A reason why the minimum wage is of interest is its possible negative effects.
Positive effects of minimum wages are to prevent labor exploitation, to increase labor productiviy, increase income and consumption, and to reduce the number of people covered by social programs (Freeman, 1994; Dolado et al., 2000; Dowrick and Quiggin, 2003; Gunderson, 2005) . However, minimum wages can lead to negative effects such as unemployment, production stagnation and increased prices.
The negative effect of minimum wages that concerns most economists and policy makers is employment reduction. In a competitive labor market, a rise in wage can lead to an increase in labor supply and a reduction in labor demand. There will be an excess in labor supply, and as a result, unemployment will be increased. Minimum wages can be harmful to a group of workers, especially the low-wage workers. However, in the "new minimum wage research", minimum wages are not always harmful to employment (Bazen, 2000; Neumark and Wascher, 2007) . The effect of minimum wages is negligible if minimum wages are close to competitive wages or the elasticity of labor demand is less sensitive to wages (Dickens et al., 1995, and 1999) .
Firms are the main employers in the economy. Since minimum wages can affect the labor cost and labor demand, minimum wages can also have an influence on firm performance. If higher production cost caused by minimum wages is passed to consumers, firms are not affected or affected eligibly by minimum wages. This case can happen for industries with very low price elasticity of demand. In a competitive market, the higher production cost cannot be passed fully to the consumers. In this case, the firms can respond to the minimum wages in two ways. The first way is to reduce the labor demand to keep the labor cost unchanged. In the second way, firms do not reduce the labor demand, and they are burdened with the higher labor cost due to increased minimum wages (Draca et al., 2011) .
The effect of minimum wages on firm performance is unknown a priori. In the short-run, the sign and the magnitude of the minimum wage effect depend on firms' ability to pass the higher labor cost to consumers and firms' response to the labor demand.
Empirical studies are ambiguous about the effect of minimum wages on employment and prices. Negative effects of minimum wages on employment are found in a large number of empirical studies (see review by Brown et al., 1982; Brown, 1999; Card and Krueger, 1995; Neumark and Wascher, 2007; Lemos, 2008) , while no effects or even positive effects of minimum wage on employment are found in other studies such as Katz and Krueger (1992) , Krueger (1994, 2000) , Montenegro and Pages (2004), Rama (2001) . Likewise, a positive effect of minimum wages on prices is found in several studies, e.g., Card and Krueger (1995) , Aaronson (2001) , Macdonald and Aaronson (2000) , but other studies such as Frye and Gordon (1981) , Katz and Krueger (1992) , Card and Krueger (1995) find very small or insignificant effects of minimum wages on prices.
2 Although there are numerous empirical studies on the effect of minimum wages on employment as well as price in both developed and developing economies (Neumark and Wascher, 2007; Lemos, 2008) , there are only a few studies on the effect of minimum wages on firms' business performance and the effect of minimum wages on firms found in these studies are not consistent. Draca et al. (2011) measures the effect of minimum wages on firm profitability in the United Kingdom using difference-in-differences method and find a negative effect of minimum wages on firm profitability. However, Nguyen (2009a) finds no effects of minimum wages on firm profits in Vietnam. Pacheco and Naiker (2007) do not find a significant effect on minimum wages on profits in New Zealand.
To my knowledge, there have been no studies on the effect of minimum wages on non-labor capital of firms. Labors and capital can be complementary and substitutionary.
If labor and capital are perfectly substituted, firms can substitute physical capital for lowwage workers (Draca et al., 2011) . As a result, capital can be increased due to minimum wages. In case in which labor and capital are perfectly complementary, if minimum wages decrease labor, capital can be also reduced. However, Bauducco and Janiak (2012) show that minimum wages can increase both labor and capital when labor and capital are perfectly complementary.
This study aims to examine the effect of minimum wages of firm outcomes including the number and structure of laborers, labor cost, and assets in Vietnam. There have been 12 adjustments of monthly minimum wages in Vietnam since 1994. Before 2008, there was only a common national minimum wage in Vietnam. Since 2008, there have been four levels of minimum wages applied for four different regions. Higher nominal minimum wages are applied in the better-off regions, while lower nominal minimum wages are applied in the worse-off regions. The increase in real minimum wages during 1994-2008 was rather low, at around 5 percent annually. This growth rate was lower than the GDP growth rate during the same period, and it is possible that minimum wages were lower than market wages. However, since 2008 the real minimum wage has been rising remarkably, with the annual growth rate of around 15 percent. During the current economic slowdown, minimum wage increases can have harmful effects on firms' performance.
In Vietnam, minimum wage increases always lead to debates about possible harmful impacts of minimum wages. There are some people favoring minimum wage increases (Duy, 2009; Can, 2009) , while others worry about effects of minimum wages on labor cost and inflation (Thai, 2009; Minh, 2010) . There are several quantitative studies on the impact of minimum wages in Vietnam. Nguyen (2011) measures the effect of minimum wages on monthly Consumer Price Index (CPI) during 1994-2008 and does not find a significant effect of minimum wage on CPI. Nguyen (2009b) uses household surveys to measure the effect of minimum wage adjustment in 2005 on employment and find a negative effect of minimum wages on formal employment. Nguyen (2009a) also investigates the effect of the minimum wage adjustment in 2005 but on firm profitability using enterprise surveys. He does not find an effect on the minimum wage adjustment on firms' profit.
Unlike Nguyen (2009a Nguyen ( , 2009b which examine the effect of the minimum wage increase in 2008, this study investigates the effect of the minimum wage increases on firms during the 2008-2010 period in Vietnam. Compared with Draca et al. (2011 ), Nguyen (2009a , and Pacheco and Naiker (2007) , this study measures the effect of minimum wages on not only labor but also labor cost and assets of firms. This paper is structured into six sections. The second section reviews the minimum wages in Vietnam. The third section presents the data sets and descriptive statistics of firms in Vietnam. The fourth and fifth sections present the estimation method and empirical results, respectively. Finally, the sixth section concludes.
Minimum wages in Vietnam
In Vietnam, the Labor Law regulates that minimum wages are required to guanrantee the minimum living standard for a worker. Minimum wages are adjusted when there is inflation and improvement in living standards of people. There are several points of minimum wages in Vietnam that should be noted. Firstly, there is only monthly minimum wages in Vietnam. The government is considering the issue of hourly or daily minimum wages in the near future. Secondly, different minimum wages are applied for domestic employers and foreign employers. The minimum wages of workers (both Vietnamese and foreign workers) in the foreign sector are higher than those in the domesic sector. Thirdly, before 2008 there was a common minimum wage for the domestic sector. This minimum wage is also used to construct the wage scale for workers in public sector (including civil servants and workers in State-owned enterprises). The lowest wage is the minimum wage level, while higher wages are set equal to the minimum wage level multiplied by a coefficient. Since 2008 there have been different minimum wages for different regions.
However, there is still a so-called 'a basic wage' for wage scale of the public sector. wages have been constructed using a basic need approach (Tran et al., 2009 ). The basic needs include food and non-food consumption. The food consumption is required to ensure 2300 kcal/day for an adult and 1600 kcal/day for a child. Tran et al. (2009) estimate regional minimum wages which allow for food consumption of an adult and a child plus some sufficient non-food consumption. These minimum wages are estimated using the Vietnam Household Living Standard Survey in 2006, and they are constructed for the period 2008-2010 using the predicted CPI deflators. 
Data set and firms in Vietnam

Enterprise census
The data used in this study are from the most recent Vietnam Enterprise Censuses in 2008 (abbreviated as EC 2008 , EC 2009 and EC 2010 . The Enterprise Censuses collect rather detailed information on firms' business activities. Information includes type of firms, main business industries, the number of workers, male and female workers, workers with social insurance, labor cost, assets, turnover and profit of firms. Table 2 The proportion of workers with social insurance and female workers is just around 30 percent. These proportions are stable during [2008] [2009] [2010] . From the EC data set, we are not able to know the proportion of female workers having social insurance. In urban areas and large cities, the proportion of workers having social insurance is higher than rural areas and other cities. Interestingly, workers in Northern region are more likely to have social insurance. 
Firm characteristics
Impact estimation strategy
Impact evaluation of a policy or a program is always challenging. Measuring the effect of minimum wages is difficult for at least two reasons. Firstly, minimum wages are often a national program and there are no clean control groups who are not absolutely affected by minimum wages. Secondly, minimum wages are not randomly assigned, but based on CPI and other economic and political variables. The most popular method to measure the effect of minimum wages is difference-in-differences estimators (see review by Neumark and Wascher, 2007) . Other methods with better identification strategies are instrumental variables and discontinuity regression. The instrumental variable estimator is traditional in impact evaluation, however, finding a valid instrumental variable for minimum wages is not easy. The discontinuity estimator has been applied recently (e.g., Dube et al., 2010) when there is a clear-cut selection of subjects exposed to minimum wages and those not exposed to minimum wages.
In this study, we use fixed-effects regression to measure the effect of minimum wages in Vietnam. More specifically, we assume an outcome of firms as the following function: Neumark and Wascher, 2007) .
We use similar specifications as equation (1) to measure the effect of minimum wages on different outcomes of firms including labor size, labor cost and assets. In other words, we use regress different firm outcomes (dependent variables) on the same set of explanatory variables. Most dependent variables are in the logarithm form. Some dependent variables such as the ratio of female workers to total workers are not in the logarithm form.
It should be noted that we use the variable of logarithm of real minimum wages. We do not use the Kaitz index or any ratio of minimum wages to average wages. Since the average wages can be also affected by minimum wages, and this makes it difficult to interpret the effect of minimum wages on firm outcomes. However, we still control for the regional average wage of the previous years. The minimum wages vary across four regions and foreign and domestic sectors. For each year, there are eight levels of minimum wages. This definition of minimum wages is different from those of Nguyen (2009b) and Draca (2011) . Nguyen (2009b) measures the effect of the minimum wage increase in 2005. In 2005, there was only a common minimum wage in Vietnam, and there is no information on the number of workers below the minimum wage in firms in data sets. Thus, in Nguyen (2009b) , firms that have the average wage below the minimum wage are defined as the treatment group, while those that have the average wage above the minimum wage are defined as the control group. A problem is that the control groups can also include firms that have a number of workers below the minimum wage.
The explanatory variables X include exogenous variables that should not be affected by minimum wages (Heckman et al., 1999; Angrist and Pischke, 2008) . Minimum wages are adjusted mainly based on the CPI, the living cost of regions, and the average wages of regions. These variables can affect firm activities and should be controlled for. Thus the explanatory variables include regional CPI, the provincial gross output of agriculture, service and industry per capita, the labor force of provinces (the total number of people above 14 years old), and the average wages of regions. 5 The agricultural, industrial and service output per capita are proxies of living standards. Explanatory variables are in the logarithm form. We use lagged variables (the previous year variables) so that they are not affected by minimum wages of the current year.
The difficulty in measuring minimum wages is the endogeneity of minimum wages in outcome equations. Unobserved variables can affect both minimum wages and firm outcomes. In this study, we are not able to find a convincing instrument for minimum wages in Vietnam. Discontinuity estimators cannot be applied since minimum wages are adjusted simultaneously throughout the country. Thus in this study, we use fixed-effects regression to estimate the effect of minimum wages. Fixed-effects regression eliminates the time-invariant unobserved variables ik v . It is expected that the bias caused by the endogeneity of minimum wages will be negligible after elimination of the time-invariant unobserved variables and control of main observed variables that affect minimum wages (CPI and regional outputs). In addition, the minimum wages have been set up by the government of Vietnam since 2008 (MOLISA, 2008) , and this fact can cause more exogenous variables in the minimum wages in the equation of firm outcomes.
Estimation results
The impact of minimum wages: no interactions
This section presents the estimation results of minimum wage effects on firm outcomes. In this section, we do not include interactions between the minimum wage variable with other firm characteristics in regressions. In the next section, we will include interactions between the minimum wage variable with other firm characteristics to examine whether the effect of minimum wages differs for different types of firms. Tables 5 and 6 present the fixed-effects regressions of firm performances on minimum wages and other explanatory variables. Several dependent variables are in a logarithm form. 6 Variables that are fixed over time such as regions and firm types are removed in fixed-effects regressions.
A problem in panel data model is serial correlation of error terms. Although the serial correlation does not affect the biasness of estimators, it can affect the validity of the standard error of the estimators. Using a serial correlation test of Wooldridge (2010) , the hypothesis on no serial correlation in our regressions is strongly rejected. Thus, we use the fixed-effect regressions with Driscoll-Kraay standard errors that are robust to serial correlation and heteroskedastic (Driscoll and Kraay, 1998; Hoechle, 2007) . Table 5 shows that minimum wages have a small and negative effect on the labor size of firms. A one-percent increase in real minimum wages reduces the number of workers by 0.1 percent. It implies that if the average labor size of firms is around 33, a one-percent increase in real minimum wages can reduce the average labor size by approximately 0.033 worker. This effect is small, compared with the effect found in empirical studies in the United States in which a one-percent increase in minimum wages lead to a 0.1 to 0.3 percent reduction in employment (Brown et al., 1982; Brown, 1999; Card and Krueger, 1995; Neumark and Wascher, 2007) .
Interestingly, minimum wages have a small effect on labor composition of firms. A one-percent increase in real minimum wages increase the proportion of female workers and workers with social insurance by around 0.06 and 0.21 percentage points, respectively. The findings imply that firms tend to reduce the number of workers without social insurance instead of workers with social insurance. Workers without social insurance are more likely to have low skills and short-term labor contracts. Firing workers who have social insurance is often more complicated in terms of legal labor regulations.
Male workers are more likely to be reduced due to minimum wages. This finding is difficult to interpret since male workers might be more likely to have higher skills. Further 6 For double log functions, the effect of minimum wages is measured by coefficient of ) ln( k MW , and the estimated coefficient is interpreted as the elasticity of dependent variables with respect to minimum wage. When dependent variables are in a linear form (not in the logarithm form): as the minimum wage level changes by 1 percent, the value of the dependent variables changes by the coefficient of ) ln( k MW divided by 100 (see Wooldridge, 2011). studies are needed to understand the channel through which minimum wages can affect different type of workers.
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The average wage per worker increases due to minimum wages. However, the increase is very small. A one-percent increase in minimum wages leads to 0.076 percent increase in the average wages. This might be because the proportion of workers who receive wages below the minimum wages is small, and the minimum wages only have a positive effect on wages of these low-wage workers. Since minimum wages have a small effect on labor size and wages per laborer, the effect of the minimum wages on total labor cost of firms is very small and not statistically significant. Table 6 presents the regressions of firms' assets or non-labor capitals. Interestingly, minimum wages lead to an increase in firm assets and the ratio of fixed assets to total assets. 8 More specifically, a one-percent increase in minimum wages leads to a 0.75 percent increase in total assets and a 0.86 percent increase in fixed assets. The proportion of fixed assets to total assets rises by 0.176 percentage points as the minimum wages increase by one percent. Possibly, firms tend to increase assets to substitute labor to mitigate the effect of minimum wages on labor cost. 
The impact of minimum wages: with interactions
To examine the effect of minimum wages for different types of firm, we include interactions between the minimum wage variable and characteristics variables of firms. It shows that the minimum wage effect on firm outcomes differs between urban and rural areas and regions. The minimum wage effect on wages per worker is higher in rural areas. Minimum wages help rural workers increase their wages. The effect of minimum wages on labor size of firms tends to be higher in large cities and delta regions than mountain and highland regions and other provinces.
The minimum wage effect on firm outcomes varies across firms of different types. Minimum wages have no effect on labor demand of foreign-invested firms. State firms, private firms and limited companies are those most affected by minimum wages on the labor sizes. By industry, firms in construction, trade and service sectors are less likely to be affected by minimum wages. 
Conclusions
Minimum wage increases often lead to debate on possibly harmful effects on employment, prices and enterprises in Vietnam. Nguyen (2009a Nguyen ( , 2009b Unlike Nguyen (2009a Nguyen ( , 2009b , we find significant effects of minimum wages on labor size and assets of firms. More specifically, a one-percent increase in real minimum wages leads to around a 0.1 percent reduction in the number of workers of firms. Male workers and workers without social insurance (low-skill and low-wage workers are less likely to have social insurance) are more likely to be affected by minimum wage increases. The average wage per worker is increased due to minimum wages, albeit at a very small magnitude. Since minimum wages reduce the number of workers and increase the wage per worker, there is no effect of the minimum wages on total labor cost of firms.
Under the pressure of minimum wages, firms tend to increase assets, especially fixed assets. To some extents, assets might be substituted for labor so that the minimum wage effects on labor cost can be reduced.
The effect of minimum wages differs for firms in different regions and firms of different types. Overall, firms in large cities and delta regions, firms with large size of labor tend to be more affected by minimum wages. By ownership types, private firms and limited companies are more likely to be affected by minimum wages than other firms.
When there is a large increase in minimum wages, minimum wages can have a harmful effect on firms in Vietnam. Although, this effect remains rather low, it can be higher if minimum wages increases by a large amount. Thus, when adjusting the minimum wage, the government of Vietnam should considering its possible unfavorable effects on firm performance.
